Well-type Ge(Li) detectors have been evaluated for low-level gamma-ray spectrometry and radiochemical analyses. The detectors were found to have good resolution, high peak-to-Compton ratios and low backgrounds. The use of an anticoincidence shield further improves the detector performance. The detector efficiencies and backgrounds are compared with those obtained with other Ge(Li) detector systems. The well detectors were found to have better detection efficiencies and as low backgrounds as either large coaxial detectors or opposed detector systems. Sum-coincidence effects are more pronounced in the well detector and use of this feature is discussed. Applications which utilize the low-energy response of the detector are described. Minimum detectable activity levels were determined for several nuclides.
Introduction
Well-type NaI(Tl) detectors have found wide applications in low-level gamma-ray spectrometry and radiochemical analyses. This results from the highefficiency and well-defined geometry of the well-type detector. Many applications require higher gamma-ray energy resolution than is available with NaI(T) de- tectors. Semiconductor Si(Li), Ge(Li) and Ge detectors without wells are now routinely used when high resolution is required. Several authors have reported on the construction and performance of well-type Ge (Li) detectors. [1] [2] [3] [4] [5] [6] The small well sizes of Ge(Li) detectors limits their applications to small volume samples. However, the high efficiency and geometry control characteristics of well detectors make Ge(Li) well detectors attractive for small samples. This paper reports on an evaluation of well-type Ge(Li) detectors for gamma-ray spectrometric and radiochemical analysis appl i cati ons.
Detector Performance Resolution and Peak/Compton
The performance of two Ge(Li) well-type detectors has been compared with the performance of other highresolution detector systems. Coaxial Ge(Li) detectors, planar Ge and Si(Li) detectors and opposed Ge(Li) and Ge detector pairs were used for this comparison.
Characteristics of the detectors are listed in Table I. The resolution (FWHM) and peak/Compton measurements in Table I were made with point sources at the end cap of the detector.
The resolution and peak/Compton ratio of the-welltype detectors were also measured at several energies with point sources in the well. Table II annulus. The relative 60Co peak areas from the spectra shown in Figure 2 are listed in Figure 3 .
The NBS standard mixture contains several nuclides with coincident gamma-rays and x-rays which produce sum peaks. The sum-coincidence effect must be considered when the standard is used for well-type detector calibrations.7 241Am was used for low energy efficiency measurements. A well-type Ge(Li) detector (No. 42) spectrum of 241Am is shown in Figure 4 . Table V for each of the detectors. The well-type detector background photopeaks were found to have about the same area as similar size non-well Ge(Li) detectors. The NaI(Tl) annulus did not appreciably reduce the background photopeaks except for the lead x-ray peaks (which could be reduced by shield design) and the 511 keV peak. Increases in the 40K and 134Th peak were observed when the NaI(Tl) annulus was used.
The background continuum between the photopeaks was significantly reduced by the anticoincidence NaI(Tl) annulus. This effect is seen in the background spectra shown in Figure 6 .
The NaI(Tl) anticoincidence shield results in lower backgrounds for most radionuclide measurements. The background levels at several important energies for different detectors are listed in Table VI. The presence of coincident gamma-rays or x-rays produces complex spectra as the result of sumcoincidence effects. The sum-coincidence effects are useful for nuclide identification but require special consideration in the calculation of activity levels.
The effect of source position in the well was investigated in order to determine how necessary it is to control the sample volume. A point source of mixed radionuclides was counted at the bottom of the well, at 1 cm from the bottom and at 2 cm from the bottom. The results of these measurements are listed in Table VIII . The data indicates that uncertainties in sample position of one cm from the bottom of the well can introduce about a 5% measurement error. However, the error becomes much greater as the source is moved to two cm. Sample volume control is required for accurate results. 
